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Breast Cancer Association Consortium (BCAC) database

Data were retrieved from the BCAC database. Data are submitted by each study following the BCAC data
dictionary. Central data checking, cleaning and harmonization, in communication with the study data
managers and principal investigators, is done at three centers. For the core data such as case-control
status and age, and for genotype data, this is performed by the group of Prof Easton (University of
Cambridge), for risk factor data this is performed by the group of Prof Chang-Claude (Deutsches
Krebsforschungszentrum), and for the survival, pathology and treatment data this is performed by the
group of Dr Schmidt (Netherlands Cancer Institute); additional tissue microarrays data were curated by
the groups of Prof Garcia-Closas (ICR) and Prof Pharoah (Cambridge University). ER, PR and HER2 status
was obtained mostly from medical records followed by immunohistochemistry performed on tumor
tissue microarrays or whole-section tumor slides (1).

Data freezes of the BCAC database are made for batches of data distributed for analyses. All data were
used as derived from the BCAC database of August 2014 with a few exceptions. The CHEK2 genotyped
data set of the ABCFS and kConFab studies included HER2 scores of one breast cancer patient each:
these were recoded to missing. Missing age of 189 breast cancer patients of the ABCS study was
updated. For the use of information about family history, information from the variables ‘first degree
female family members with breast cancer’ was used to supplement the variable ‘family history of
breast cancer in a first degree relative (0=no, 1=yes)’ for 6,149 women without and 67 women with a 63
woman first-degree female family members with breast cancer. Inclusions and exclusions of data are
noted in Supplementary figure 1 and Supplementary tables 1-5.

All data in the BCAC database are indexed through randomly generated unique identifiers for each
individual; there are no names, addresses or places of birth in the database. The source databases at the
participating institutes mostly contain coded data (anonymous for the researcher using the database),
which can be indirectly or directly linked to the individuals concerned depending on the individual study
protocols and approvals.

CHEK2*1100delC genotyping

Genotyping of CHEK2*1100delC was done using a 5'exonuclease Tagman® allelic discrimination assay
developed by the Netherlands Cancer Institute-Antoni van Leeuwenhoek hospital (NKI-AVL) using Vector
NTI AlignX Invitrogen (United Kingdom) and Primer Expres 3.0 (Applied biosystems (Warrington,
Cheschire, United Kingdom). Primers were specifically designed to be non-binding to the pseudogenes
on chromosomes 15 and 16, which are homologous to exons 10-14 of CHEK2 on chromosome 22.

Primer and probe details

The primers developed were: Forward primer 5'-GGCAGACTATGTTAATCTTTTTATTTTATGG-3' and
Reverse primer 5'-CAAGAACTTCAGGCGCCAAGT-3' (Invitrogen Ltd Paisley United Kingdom). Allele
specific Minor grove binding (MGB)Probes with VIC reporter dye for Wild type allele 5'-VIC-
TTTAGATTACTGATTTTGGGC-MGB-3' and FAM reporter dye for the CHEK2*1100delC allele 5'-FAM-
TTAGATTATGATTTTGGGCAC-MGB-3', and Tagman Genotyping Mastermix was obtained from Applied



Biosystems (Warrington, Cheshire, United Kingdom) for the genotyping of the Dutch dataset used in the
design and validation of the Tagman assay.

Validation of Tagman assay

Patients who were counseled and tested negative for BRCA1/2 pathogenic mutations in the NKI-AVL
Clinical Genetic Centre were included. In total 3,691 samples from non-BRCA1/2 (mostly breast) cancer
patients, including 347 patients with Unclassified BRCA1/2 Variants class B1 and B2, were analyzed for
CHEK2*1100delC in the validation stage. Of this series 1,034 breast cancer cases were included in the
ABCS-F (ABCS familial) sub-study in the BCAC database.

PCR reactions were run in 96 well plates on the ABI prism 7500 Fast Real-Time PCR system as follows: a
hot start at 95°C for 10 min, 40 cycles; denaturation at 92°C for 15 sec and extension at 60°C for 60 sec.
Each plate contained two randomly chosen duplicates, a positive and two no template controls. The call
rate of the assay was 99.8% overall. All CHEK2*1100delC mutated samples, i.e., 161 heterozygous (4.4%)
and 5 homozygous (0.1%), and 65 wild type samples were validated with the P190 CHEK2 MLPA
(Multiplex Ligation-dependent Probe Amplification) kit (MRC-Holland, Amsterdam, The Netherlands).
There was100% concordance between the Tagman assay and the MLPA results.

An independent subset of 188 samples from the Erasmus MC in Rotterdam, which had been analyzed
for CHEK2*1100delC previously with a oligohybridisation assay (2) also showed 100% concordance with
the results from the custom Tagman for 185 wild type and 3 heterozygous CHEK2*1100delC mutations.

Genotyping of BCAC samples

CHEK2*1100delC genotyping results of 25,571 cases (with follow-up data) and 30,056 controls from 22
studies was published previously (3). As described previously (3), for the BCAC samples, a positive,
negative and no template controls were included in each 96-well plate run.

Of all samples genotyped in BCAC for CHEK2*1100delC with the custom Tagman, 3,184 called duplicates
showed an overall concordance of 99% and a concordance of 92% for CHEK2*1100delC carriers (99 of
108 carriers detected in both duplicate samples). In addition, 22,006 samples previously genotyped with
other techniques (older Tagman designs, oligohybridization, and iPLEX) had been repeated with the
custom designed Tagman; 33 samples were found to be discordant and were removed from the dataset,
i.e. 24 false negatives (missed by older assays), 6 false positives (not confirmed CHEK2*1100delC with
custom Tagman assay), and 3 heterozygous carriers re-classified as homozygous carriers. The overall
concordance rate was between the custom Tagman and the other assay was 99.8%, and the sensitivity
and positive predictive value of being carrier of the 1100delC variant(s) of other assays compared to the
custom Tagman were 98% and 92% respectively. Samples genotyped only with assays other than the
custom Tagman were also included in the analyses. In summary, of 91,147 samples included, 80,941
samples were genotyped with the custom designed Tagman assay, 6,833 samples were only genotyped
with another assay, and 3,373 were genotyped by two methods (in the latter case, the genotypes from
the Tagman assay were used in preference) (Supplementary table 1).

Statistical analyses
CHEK2*1100delC breast cancer risk estimates by age

We modeled the CHEK2*1100delC breast cancer risk estimates by age using the more stable interaction
estimates for age and CHEK2*1100delC from the case-only analysis. This analysis relies on the



assumption that CHEK2*1100delC frequency is unrelated to age in the general population. We
considered this justified since analysis in the controls showed no evidence of an association between
age and CHEK2*1100delC, and because there is little evidence for strong associations between
CHEK2*1100delC and other cancers or other phenotypes that would lead to substantial changes in
frequency with age. Using a logistic regression case-control analysis, we fitted the CHEK2 and age effects
with a fixed interaction term by using the offset: chek2 x (age - 30) x In(‘fixed interaction age*CHEK2
estimate from case-only analysis’). In this model, the term age-30 was used so that the main effect for
CHEK2*1100delC would correspond to the OR at age 30. Analyses were performed separately for all, ER-
positive and ER-negative cases, using the fixed estimates from each respective case-only analysis.

Cumulative breast cancer risks

Cumulative risks were calculated based on estimated relative breast cancer risk for CHEK2*1100delC
carriers, using the United Kingdom breast cancer incidences 1992—-2010 and the ratio ER-positive and
ER-negative breast tumors from the BCAC database. Smoothed calendar period- and cohort-specific
incidences were used as described previously (4). Smoothed age-specific proportions were derived from
5-year age intervals using locally weighted regression (LOWESS) with a bandwidth of 0.2. Overall and ER-
specific cumulative risks in carriers were then derived from the age-specific relative risks in Figure 1 of
this manuscript. The cumulative risks were not adjusted for competing risk of death before breast
cancer occurrence. The cumulative risk (F.) at age t was calculated by:

t-1
F(t)=1—exp (— 2 Ao (u)eﬁ(u)>
u=0

where Ag(u) is the incidence rate in non-carriers at age u and [(u) is the relative risk in
CHEK2*1100delC carriers at age u, relative to non-carriers.

Ao (u) was calculated such that the combined incidence in carriers and non-carriers agreed with the UK
population incidences, using the formula:

. _ QScWefM+(1-Q)Sy(w)
i) = Ao(u) QScwW+(1-Q)Sy (W)

where i(u) is the population incidence at age u, Q is the population frequency of CHEK2*1100delC
carriers (assumed to be 0.0054), Sy (u)= exp(— XLzt 1 (v)) is the survival function (i.e., the probability
of being unaffected) at age u in non-carriers and S (u)= exp(— Yuzlie (v)eﬁ(”)) is the corresponding
survival function in carriers. 1o(u) (u = 0, ..., 79) was computed iteratively using the above formulae.

Frequency rates by country

Carrier frequency estimates by country were derived using a modification of the empirical Bayes
approach proposed by Clayton and Kaldor (5) for mapping disease incidence rates. This approach
assumes an underlying multivariate normal distribution for the log incidence rates, and hence derives
posterior estimates for the rates that account for the uncertainty in the individual estimates due to
small sample size. In this application we modified the method to allow for proportions rather than rates,
by assuming that logit of the proportion had an underlying normal distribution. To utilize the data from
cases and controls, we first obtained bias-corrected log(odds) estimates separately for cases and
controls in each country, and combined these using an invariance variance weighting, and offsetting the
case estimate by the log-odds ratio for CHEK2 status in the analysis to allow for the higher frequency in



cases. This estimate was then used as the basis for deriving the approximate likelihood given by Clayton
and Kaldor, and hence deriving the empirical estimates by an expectation—maximization algorithm.
Correlations in the frequencies among countries were allowed for by assuming a conditional
autoregression model (6) with a correlation p between neighboring countries. In this analysis, however,
the estimate for p converged to zero.
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